
I Office ^ 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 





INVESTOR m PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport . 
South WaleT^" 
NPIO 8QQ 



REC'D \ AUG 2003 



WlPO 



POT 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by pJ.c, , 
pic, P.L.C, or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




Dated 4 August 2003 

Best Available Copy 



An Executive Agency of the Department of Trade and Industry 



Patents Act 1977 
atuie'16) 



|Qfl5oe 



quest for grant of a patent 

^'"Uesm&ebaOcoftUsfoTm. You caa also get 



THE PATENT OFFICE 
G 

,0 7 JAN 2003 
NEWPORT 



POl/7700 tiM^W^'^ 



South Wales 
UPlO 8QQ 




2. Patent appBcation number 
Oie Patent Omce WW miatUsparO 

3. Fun name, address and postcode of the or of 
each applicant (tmdmitae aUsumaxnes) 



Patents ADP number (if you know ii) 

If the appBcant is a corporate body, give the 
country/state of its incorporation 



0300265.6 

IX ■ 



7 JAN 2003 



4. Titleoftheinven^on PO C^J^FeS^e^ieEyTToA^^ 



"Address for sendee" in the United Kingd, 
to which aU correspondence should be 



lom 



sent 



6. 



7. 



Patents ADP number (tfyouknowi^ 

If you are dedailng priority one or more 
earh^ patent applications, give the country 

"^r °^ °^ of Sese 

eaiher applications and (2r^a A„o«.i«) the or 

each application number 



this application is divided or otherwise 
derived from an earlier UK application 
give the number and the fOing date of ' 
the earlier application 



Countiy Priorlly application number 

(ifyou/aiowii) 



jljate of filing 
.^^/month/year) 



Number of earHer application 



pateofflBt« 
^^^^ /month/ year) 




8. Is a statement of inventorahip and of rieht 
to grant of a patent required in support of 
this request? (Answer Yes'lS 

^ y^PP«'^nanuKlinpart3Jsnotaninyentor,or 
bJ is an Inventor who ts not named as an 
VpUeant. or 

<0 ai^named^pUeantisaeorporatabodY 
See note (d)) 



h(0 



9. Enter the ntimber of shej 
following items you 
Do not count copies oi 




for any of the 

with this form, 
same document 




Continuation sheets of this form 

Description ^ 



Claimrs; 
Abstract 



Drawing^y ^ 



10. If you are also filing any of the following, 
state how many against each item. 

Priority documents 

Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Foim 7/77) 

Request for preliminary examination 
and search (PaienisFoxm 9/77) 

Request for substantive examination 
(Patents Fonn 10/77) 

Any other dociiments 
(please specify) 



11. 



request tfie grant of a patent on the basis of this application. 
Signature ^ /9 ^ouSl^O^^^ Date ^ J^rux , /TooS 



12. Name and daytime telephone number of 
person to contact in the United Kingdom 



Warning 

A/ter an application for a patent has been jBled, the Comptroller of Ae Patent OIBce will consider whether pubUcation 
or commtxnication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977, You 
^ be Informed if it is necessary to prohja>it or restrict your invention in th^ way FurOiermore, if you live hi the 
United Khigdom, Section 23 of Oxe Patents Act 1977 stops you from applying for a patent abroad without Qrst getting 
written permission from die Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
conmiunication has been given, or any such direction has been revoked. 

Note 

a) If you need help to fill in this form or you have any questions, please contact the Patent OBice on 08459 500505. 

b) WritB your axiswers in capital letters ming blade ink or you rriay type therr^ 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see continuaUon sheet*' in the relevant part(s). Any continuation sheet should be 
attached to this form. 

d) If you have answered 'Yes' Patents Form 7/77 will need to be Bled 

e) Once you have Blled in the form you must remember to sign and date it 
Q For details of the fee and ways to pay please contact the Patent OJBBce. 



1 



Focussed Electron and Inn ReamR-Part 9. 

In previous patent applications (numbers GB 0213772.7 and GB 0219818.2) a method 
of focussing electron and ion beams down to below Inm size was described. This 
method has two radical improvements over existing electron microcolumns. Firstly 
the electrons are formed into a narrow parallel beam using an accelerating 
nanocolumn. In its simplest form the nanocolumn is merely a system of nanoscale 
apertures to reduce the lateral size of the beam to dimensions below lOOimi. However 
by introducing an accelerating nanocolumn it is possible to collect ahnost all the 
electrons from the nanotip and form them into an almost parallel beam with lateral 
dimensions less then SOmxL In this arrangement the energy of the electrons is typically 
above 300eV. This beam is then focussed into a small spot using a multiple element 
microscale electrostatic lens. 

The second radical improvement in the design is to make the focal length of this lens 
sufficiently small (less than about 50 \xm) so that the final beam spot can have lateral 
dimensions below Inm. In essence therefore the scale of this instrument is such that it 
is possible to contain the whole microscope in a size similar to a microchip and the 
term scanning electron microscope *on a chip' is a succinct description for this 
system. 

In this patent application we describe a practical system which embodies the 
principals of the original concept 

The system is essentially in three parts, the nanotip electron source positioned above 
and central to the aperture of Ih^ accelerating nanocolumn which is followed by the 
microscale einzel lens. Typical dimensions and voltages were given in the previous 
patent applications. A suitable arrangement is for the nanotip to be positioned using a 
vertical cantilever arrangement as used in scaiming tuimelling microscopy (STM). 
However recent advances in lithography make it possible to incorporate this 
cantilever into the microscope (chip) itself The nanocolunm consists of a multilayer 
of conducting (metal or silicon) thin fihns separated by insulating layers Ihrougji 
which a circular hole of the required nanoscale size (typically less than 50nm) is 
fabricated. This is made either by lithographic techniques or by drillmg using a 
focussed ion beam. A microscale multi-element einzel lens is positioned below the 
nanocolumn and concentric with it This can be made as a separate part and can be 
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independently positioned with respect to the nanocolunm xising standard 
nanopositioning systems. In a simpler form the microlens is made into the same 
raultiiayer structure as the nanocolunm and the whole forms the basic element of the 
microscope- Fabrication of the lens can be made by a variety of techniques including 
lithography and laser beam machining. 

The microscope body is held on a horizontal (cantilever) arm which can be positioned 
both vertically and laterally. Above this is the nanotip which is held on a vertical 
cantilever which allows it to be positioned accurately vertically and in the horizontal 
(x,y) plane. The nanoprobe is centred on the nanocolimm entrance aperture by a 
servomechanism which uses the current in a quadrant metal thin film which forms the 
first electrode in the nanocolumn. Below the microscope body is a sample stage on 
the end of a vertical cantilever. The electron beam is focussed onto the sample and 
can be moved across the sample by moving the end of the cantilever using standard 
nanopositioning techniques as used in STM, for example using piezo-electric 
mechanisms. If the backscattered electrons are detected using an electron detector 
(chaneltron) then an image of the atomic structure of the surface can be made. Li the 
ultimate design the electron detector can be incorporated into the base of the 
microscope chip. 

The design for a focussed ion beam system suitable for machining surfece structures 
below lOnm in size can be adapted from the previous description by feeding liquid 
gallium to the nanotip and reversing the polarity of the voltages. In this arrangement 
the geometry is inverted so that the nanotip is positioned below the nanocolmnn. (This 
is to prevent liquid gallium firom contaminating the microscope.) 
A practical system for a working microscope is shown in figures 1 and 2. This is for a 
version where the nanotip, electron detector and sample holder are separated from the 
microscope body. The incorporation of one or all of theses elements into a single 
^microchip' is a further simplification of the design. Jn figure 1 is shown, on the left, 
the body of the microscope v^ch consists of a nanocolumn or nanocolunms, 4 and 5, 
which produce a narrow (<50 nm) on-axis beam. The nanotip, 2, is at the end of a 
microstructure, 1, which is attached to the vertical cantilever (not shown) and 
positioned centrally and greater than lOnm from the first (entrance) aperture, 3, of the 
nanocolumn. 
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The nanocolumn can be in one or more parts as sho^ and defines an axial beam of 
lateral dimensions less than 50nm. A typical nanocolumn, 4, is shown on the right of 
the figure and is made of a tiWui multilayer film consisting of alternate metal 
(conducting) layers, 10, interspaced with insidating layers, 7, through which a circular 
aperture, 3, is made by lithography or using a focussed ion beam (FJB) 'milling 
machine'. The total length of the nanocolum(s) may be up to 2 jLim and is sufficient to 
accurately determine the (on-axis) direction and phase space emittance of the electron 
or ion beam. The nanotip, 2, is positioned above the aperture as shown and voltages 
are applied to the tip and the nanocolumn electrodes as described in the previous 
application (GB 02213772.7). The beam defined by the nanocolumn has an axis, 9, 
which is concentric with the multi-element, microscale, einzel lens. This lens consists 
of metal (conducting) electrodes, 8, interspaced with insulators, 6. The assembly 
shown consists of 4 metal electrodes interspaced with insulators and is positioned at 
distances of only a few microns from the nanocolumn from vAuch it is separated by 
an insulating or metal film with an aperture of the same dimension as the microlens. 
Suitable aperture diameters for this lens are given in the previous application. 
Increasing the number of metal conducting electrodes in the stack can reduce 
aberrations in this lens. 

Fig. 2 shows one of the ways of constructing the microscope so that it is possible for 
the microlens to focus the beam at a point less than 50 jjm from the end of the 
instrument This condition is necessary if the beam is to have a lateral size less than 
Inm and approaching 1 A, (This beam spot essentially determines the resolution of 
the instrument.) The whole microscope is shown on the right and consists of the 
*chip' or body, 1, rigidly attached to the horizontal cantilever arm, 13, which can be 
positioned using standard techniques of nanopositioning. A vertical cantilever above 
this holds the nanotip and this can be moved vertically and scanned in the horizontal 
plane. The sample is mounted on a special retainer, 7, which has a snmLl surface area 
for attaching the sample. (This atomic resolution arrangement can only accommodate 
small area samples; for larger areas the focal length of the microlens is increased and 
the resolution degrade to around Inm.) A further vertical cantilever, 10, below the 
microscope body holds the sample retainer and provides a means of positioning the 
sample at the correct .vertical distance as well as scanning in the horizontal (x,y) 
plane. 



The details of Ihe microscope body or chip, 1, are shown on the left. A series of steps 
are produced by Ulhography. or micromachined with laser beams, in one edge of the 
chip. The bottom step is only a few jams thick and wider than about 20 ^m. On this 
step, 6, are formed the multiplayer assembly, 4, which is essentially the body of the 
microscope as shown in the left hand side of fig. 1. The multilayer is grown by atomic 
deposition in two stages. First the layers corresponding to the electrostatic lens are 
produced and a hole, 3, corresponding to the lens aperture is febricated in the layers 
by lithography near to the edge of the step corresponding to the letter A in the 
diagram. (Many holes can be produced in one lithographic procedure and each can be 
a separate microscope.) The top layer is covered with a nanometre thick fihn of gold 
or carbon and the successive multilayers are then grown (by atomic deposition) 
corresponding to the layers of the nanocolumn. The layers are produce using a 
horizontal mask which allows each separate layer to terminate at a different position 
along &e step. This provides an essential method of attaching electrical contacts to the 
electrodes in the microscope, as illustrated by the exposed area, 5. Finally the 
nanocolumn hole is drilled through the top multilayer on axis with the electrostatic 
lens using a focussed ion beam. (This can also be made by state of the art e-beam 
lithography and dry etching techniques.) 

In operation the nanotip, 2, is centred on the aperture and the voltages on the lens 
adjusted to focus the beam, with axis, 8, onto the sample at focal point, 9. The 
thickness of the support step, 6, and the focal length are arranged so that there is a 
sufficiently large enougji gap for the. backscattered electrons to be recorded with the 
channeltron, 11. The step structure of the edge is necessary to allow the bodty, or stem 
of the nanotip sufficient space so that the tip can be positioned over the microscope 
entrance aperture. 

Two fiirfher adaptations are possible to allow the microscope to be contained in a 
sin^e chip. Firstly the nanotip and a microscopic cantilever can be produced in the 
body of the chip. (This would probably be a horizontal cantilever.) Secondly the 
detector can be fabricated into the base of the chip. For this purpose it is probably 
better to use a semiconducting avalanche type detector for the electrons. It is even 
possible to consider incorporating the mechanisms to scan the sample within the base 
of the chip to make the ultimate SEM on a chip. 



Claims 

A sub-miniature scaiming electron microscope which is made from a nanocolumn 
followed closely by a microcolumn. The nanocolmnn, in its simplest form, contains 
apertures to reduce the beam dimensions but in its best arrangement consists of an 
accelerating column which collects the electrons from a nanotip and focuses Hiem into 
a narrow almost parallel beam of diameter less than 50nm. The microcolunoji is a 
multi-element lens which focuses the electrons at a point less than 50 microns from 
the end of lens. The overall layout of the instrument allows for the nanotip to be 
centred over the first aperture of the nanocolumn using a moveable cantilever. The 
beam spot is focussed onto a sample which is fixed to a vertical cantilever so that the 
sample can be scanned in the beam so to produce an image using the backscattered 
electrons. There are several obvious modifications of this design concept which 
include, 

1) A variant where liquid gallium is fed to the nanotip to produce a focused 
positive ion beam. In this arrangement the voltages on the electrodes are 
reversed in polarity. 

2) A variant where the nanotip is on a cantilever which is made integral with the 
microscope body or chip. The movement of the cantilever is effected by 
mechanisms (such as piezos) which are also integral to the chip. 

3) A variant where the electron detector is made into the base of the chip instead 
of being a separate item. 

4) A variant where the sample movement is effected by mechanisms integral to 
the chip. 

5) A variant where electrostatic deflector electrodes are used to scan the electron 
beam over the sample. 

The diameter and length of the nanocolumn are key elements to the final 
performance of the instrument and can cover a wide range of botit internal 
diameters and lengths so that they define the direction and the lateral beam 
dimension. Similarly the method of construction may not be confined to using 
multilayers, particularly the einzel lens wdiich may be constructed separately and 
positioned with internal or external cantilevers so that its axis is concentric with 
the nanocolmxm. 



ABSTRACT 

Focussed Electron and Ion Beams-Part 2 

A sub-miniature scanning electron microscope is constructed from a nanocolunm 
which collects, accelerates and focuses electrons from a nanotip and forms them into 
an almost parallel beam witii nanometre lateral dimensions. These electrons are 
subsequently focussed to atomic dimensions using a multi-element microscopic einzel 
lens. 
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